
• Emissions scenarios – what’s likely
• Where does all the carbon go?
• Temperature, precipitation, cryosphere, 

biosphere, sea level and societal changes

GEOLOGY 095, 195. Climate: past, present, future

Class 16: Projections I –
Temperature, weather, sea level

Learning Objectives

• Know the range of possible CO2 emission scenarios between now and 2100 used by climate scientists
• Explain how the pulse of CO2 emitted by humans will be distributed among Earth’s carbon reservoirs
• Identify and describe two decadal Earth system responses to the pulse of atmospheric CO2 we are emitting
• Explain two Earth system responses the next ~100 years and how they will affect society



Climate in the News



This is not a new idea…2004
Area burned





Review - What exactly is a climate model?
• Computer simulation of the climate system; reduces our understanding to a 

series of equations
• Used to predict the future given scenarios regarding emissions and land use
• Based on our best understanding of Earth’s systems – there are still things 

we don’t know well (clouds and moist air convection)
• Limited by computing power and time to run programs



Grid size, the size of the boxes, is key for accurate representation 
but expensive in time and $$$ and computing power



Models can 
be tested 
against data 
and thus 
validated

They work 
pretty well at 
the global 
scale



Climate models are 
NOT reality

• All are simplifications of reality; complexity has evolved over time
• Some processes (such as clouds) are difficult to model from first 

principals (physics)
• Increases in computing efficiency have allowed increased model 

resolution
• Climate models are now coupled to ocean, ice sheet, and solid Earth 

models – Earth System Models



• Emission Scenarios – how much carbon will we release by 2100?
• Where will all that carbon end up?
• What do the models project for changes in global and regional 

temperature, sea level, precipitation, the cryosphere, the 
biosphere, and the ocean.

• What will be the societal changes – the effects on people?

Class 16: Projections I – Temperature, weather, sea level



Carbon emissions over time – most in my life time.



Who done it?

Think-pair-share
Work with your 
neighbor to consider 
carbon impact over 
time by country and 
by citizen (per 
capita)



Looking forward – IPCC uses Representative 
Concentration Pathways (RCPs)

Four pathways were developed based on their end-of-century 
radiative forcing: RCP2.6(indicating a 2.6 watts per metre
squared – W/m2 – forcing increase relative to pre-industrial 
conditions), RCP4.5, RCP6.0, and RCP8.5.

https://link.springer.com/article/10.1007/s10584-011-0152-3
https://www.carbonbrief.org/challenge-defining-pre-industrial-era
https://link.springer.com/article/10.1007/s10584-011-0151-4
https://link.springer.com/article/10.1007/s10584-011-0150-5
https://link.springer.com/article/10.1007/s10584-011-0149-y


Looking at the RCPs in terms of likely warming 
and Paris accords



• Emission Scenarios – how much carbon will we release by 2100?
• Where will all that carbon end up?
• What do the models project for changes in global and regional 

temperature, sea level, precipitation, the cryosphere, the 
biosphere, and the ocean.

• What will be the societal changes – the effects on people?
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Carbon 
Where will all that carbon end up? Oceans and atmosphere mostly – land is ???



• Emission Scenarios – how much carbon will 
we release by 2100?

• Where will all that carbon end up?
• What do the models project for changes in 

global and regional temperature, sea level, 
precipitation, the cryosphere, the 
biosphere, and the ocean.

• What will be the societal changes – the 
effects on people?

Class 16: Projections I – Temperature, weather, sea level



Which scenario to pick? If the past is the key to 
the future, pick the worst one.

LOW

HIGH



James Hanson –
Climate Modeler

Thirty years ago, James Hansen, a scientist at NASA, 
issued a warning about the dangers of climate change. 
The predictions he and other scientists made at the time 
have proved spectacularly accurate.

“I happened to interview Hansen last year, for a video 
project. I asked him if he had a message for young people. 
“The simple thing is, I’m sorry we’re leaving such a fucking 
mess”. Could the message be any clearer than that?”



Jim Hansen, NASA scientist, 1988 – testimony to congress



Jim Hansen, 2011 – Arrested, Tar Sands protest

Former director of NASA 
Goddard Institute for 
Space Studies in New 
York, 2011 protests of pipe 
line to bring tar sands oil 
to the US from Canada 



Different RCPs give different results for global temperature over time –
all rising 



Global temperature – differs by place and time and 
with RCP



Global temperature 
– differs by place 

and time.  

Note these are 
ratio plots….not 

absolute 
temperature rise



Sea level – headed up- how much? Ask 
Greenland!



Causes of sea level rise are warming/expansion and ice melt



NOAA vs IPCC – who’s right? (Hansen on the side 
of NOAA!

IPCC

IPCC < 1 meter; Hansen 
and NOAA meters; the 
difference, Greenland!



Precipitation – wet places get wetter, dry places get  
drier



The cryosphere – greatly impacted and therefore, albedo
Sea ice much diminished or even gone



Mostly an arctic issue of summer sea ice loss –
when it matters for albedo



Permafrost shrinks dramatically – carbon release and 
landscape instability



Alaska Thaw Slump

https://www.youtube.com/watch?v=0RCTqd0WEfM



Snow cover diminishes and albedo rises

This is Northern Hemisphere 
spring snow cover



The biosphere.  Major changes in species 
distribution



Ocean Circulation and Chemistry

AMOC could slow

AM
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The oceans will become more 
acidic

http://www.ccdatacenter.org/



The end of coral reefs as we know them
Combined effect of 
warming and acidifying 
ocean water



Intense storms will increase

The model projects nearly a doubling of the frequency of category 4 and 5 storms by the end of the 
21st century, despite a decrease in the overall frequency of tropical cyclones



• Emission Scenarios – how much carbon will we release by 2100?
• Where will all that carbon end up?
• What do the models project for changes in global and regional 

temperature, sea level, precipitation, the cryosphere, the 
biosphere, and the ocean.

• What will be the societal changes – the effects on people?
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Global 
reach of 
climate 
change 
impacts 
on 
socirty



The amount 
of warming 
makes a 
major 
difference 
on impact 
severity



Drying rivers and shrinking glaciers imperil 
water supply



Sea level 125,000 
years ago was +6-9 
m; this is Boston at 
+2 m – back to NOAA 
and Hansen vs IPCC.

Take a 
sea plane 

from 
Logan?

Models 
matter for 
planning



Predicitng Sea level effects - https://coast.noaa.gov/slr/

https://coast.noaa.gov/slr/


Human health effects could be severe



Vermont – what this means for us

http://vtclimate.org/vts-changing-climate/

It’s as though we, as a State, are taking 
a road trip south.  Vermont will get 

warmer and wetter.



http://www.globalcarbonatlas.org


